Form Approv-d
OMB No. 0704-0188

DOCUMENTATION PAGE‘

T Intormation 1y estimated to Average | Bour per (Ayponse, 11- iuding the time 10f reviev/ing in
g g A SLrUCTIoNs, searching existing data souices,
1, and compieting and reviewing the collection of informaticr “end comments re q . 7 l

i arding this burden estimate or any ather aspect of thiy
1100y fof reducing this burden, to Washington Headquarters “«rvices, Directorate for wgrmauon QOperations and Reports, 1215 Jefterson
g D A 23 2202-4302, and ta the Otfice of Management and Budqet, Parcwork Reduction Project (07040 188), Washington, DC 70503,

Hank) 12. REPORT DATE 3. REPOL T TYPE AND DATES COVERED

1989 Proceedings Paper

4. TITLE AND SUBTITLE

The Effect of Annealing on the Thermal and Dynamic
Mechanical Properties of TMXDI Based Polyurethanes *

5. FUNDING NUMBERS

Work Unit #59-1472-0-9
Assession #DN280-003

6. AUTHOR(S) ‘
G. M. Stack

7. PERFORMING ORGANIZATION NAME(S} AND ADDRESS(ES)
Elastomer Science. Sec., Acoustic Materials Branch,
Underwater Sound Reference Détachment
Naval Research Laboratory
0 Box 568337
Orlando, FL 32856-8337 APR 05 1991
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 0NIPONSORING / MONITOR

. ENCY R T NUMB
Office of Naval Research : G

'

8. PERFORMING ORGANIZATION

“DTIC

ELECTE

11. SUPPLEMENTARY NOTES*Paper appeared in Proceedings cof the 18th North American Thermal
hnalysis Society Conference Volume IT, 1989) pp 8(32-808

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b, DISTRIBUTION CQDE

Approved for public release; distribution unlimited

13. ABSTRACT (Maximum 200words) A gseries of polyurethane wmodel compounds based on the meta
and para isomers of tetramethyl xylene dilsocyanate have been prepared. These ure-
thanes contained soft segments based on polycaprolactone. The urethanes obtained
from the para isomer contained crystalline hard segments as revealed by the presence
of an endothermic peak in Differential Scanning Calorimetry experiments. A series
of high temperature annealing studies were performed to determine the effect of
thermal treatment on the melting behavior of these crystalline polyurethanes. It
was found that annealing these urethanes at tempcratures from 100 to 160 deg C re-
sulted in an increase of up to 40 deg C in the position of the DSC endothermic peak.
Subsequent low temperature DSC experiments indicated the annealing caused a small
change in the urethane's soft segment glass transition temperature. This result
indicates a change in the extent of phase separation may have occurred. Dynamic
mechanical measurements were made on these annealed urethanes by means of a reso-~
nance method developed at our laboratory. These experiments indicate that high

temperature annealing also affects the dynamic mechanical behavior of the
polyurethane.

14. SUBJECT TERMS : =
Polyurethanes - Annealing

8
Tetramethyl xylene diisocyanate

15. NUMBER OF PAGES

16. PRICE CODE
Differential scanning calorimetry

17. SECURITY CLASSIFICATION
OF REPORT

Unclassified

18. SECURITY CLASSIFICATION
OF THIS PAGE

Unclassified

19. SECURITY CLASSIFICATION
OF ABSTRACT

Unclassified

20. LIMITATION OF ABSTRACT

SAR

NSN 7540-01-280-5500

BEST
AVAILABLE CoPY

Standard Form 298 (Rev. 2-89)
l;;;x‘raged by ANSI Std 239.18




GENERAL INSTRUCTIONS FOR COMPLETING SF 298

The Report Documentation Page (RDP} :< used in announcing and cataloging reports. 1t is important
that this information be consistent with the rest of the report, particularly the cover and title page
instructions for filling in each block of the form follow It is important to stay within the lines to meet

optical scanning requirements.

-

Block 1. Agency Use Only (Leave blank)

Block 2. Report Date. Full publication date
including day, month, and year, if available (e .g. 1
Jan 88). Must cite at least the year.

Block 3. Type of Report and Dates Covered
State whether report isinterim, final, etc If
applicable, enter inciusive report dates (e.g 10
Jun87-30Jun 88).

Block 4. Titleand Subtitle A titleistaken from
the part of the report that provides the most
meaningful and complete information When a
report is prepared in more than one volume,
repeat the primary title, add volume number, and
include subtitie for the specific volume On
classified documents enter ine utie ciassification
in parentheses

Block S. Funding Numbers Toincdude contract
and grant numbers, may include program
eiement number(s), project number(s), task
number(s), and work umit number(s) Use the
foilowing labels:

C - Contract PR - Project

G - Grant TA - Task

PE - Program WU - Work Unit
Efement Accession No

Block 6. Author(s) Name(s) of person(s)
responsible for writing the report, performing
the research, or credited with the content of the
report It editor or compiler, this should follow
the name(s)

Block 7. Performing Organization Name(s) and
Address(es) Self-explanatory

Block 8. Performing Organization Report
Number Enter the unique alpharumeric report
number(s) assigned by the organization
performing the report.

Block 9. Sponsoring/Monitoring Agency Name(s)
and Address(es). Self-explanatory.

Block 10. Sponsoring/Monitoring Agency
Report Number (If known)

Block 11. Supplementary Notes Enter
information not included elsewhere such as:
Prepared in cooperation with ; Trans. of ; To be
publishedin.  When areport isrevised, include
astatement whether the new report supersedes
or supplements the nlder repnsrt

Block 12a. Distribution/Avatlability Statement
Denactes public availability or limitations. Cite any
availability to the public. Enter additional
limitations or special markings in all capitals (e g
NOFORN, REL, ITAR).

DoOD See DoDD 5230.24, “Distribution
Statements on Technical
Documents.”

DOE - See authorities.

NASA - See Handbook NHB 22002

NTIS - Leaveblank

Block 12b. Distribution Code

V0L - Leave blank.

DOE - Enter DOE distribution categories
from the Standard Distribution for
Unclassified Scier tific and Technical
Reports.

NASA - Leave blank

NTIS - Leave blank

Block 13. Abstract (nciude a brief (Maximum
200 words) factual summary of the most
significant information contained in the recort

Block 14. Subject Terms Keywaords or phrases
identifying major subjects in the report

Block 15. Number of Pages Enter the total
number of pages.

Block 16. Price Code . .ier appropriate price
code (NTIS only)

Blocks 17.-19. Security Classifications Self-
explanatory. Enter US Security Classificationin
accordance with U.S. Security Regulations (i e,
UNCLASSIFIED). Hf form contains classified
information, stamp classification on the top and
bottom of the page

Block 20. Limitation of Abstract This block must
be completed to assign a limitation to the
abstract. Enter either UL (unlimited) or SAR (same
as report). An entryin this block is necessary if
the abstract is to be limited. If blank, the abstract
15 a>sumed to be untimited

Standard Form 298 Back (Rev 2 89)




i~ .. PROCEEDINGS OF THE EIGHTEENTH
"' NORTH AMERICAN
THERMAL ANALYSIS SOCIET‘!
CONFERENCE -

VOLUME It

" EDITOR: lan R. Harrison

' Department of Materials
Science & Engineering
Pennsylvania State University
University Park, PA 16802

Actesion For ' |
VTS ermal g
» Dt T.-,.> 1
k UI ROV B
Jue! TR t’(h o
e LTI LRI
By oo ~—
Dist: IDJUO)[ .....
| S—— A —— e — -
Availability Codes,
T T —

Dist | . Special

| 2o , 1989
NATAS

THE COVER
One of San Diego's four missions, the San Diego de Alcala, is a beautiful reminder
of its Spanish heritage. In 1769, Father Junipero Serra established the first link

in his 21-mission chain al this pamcg Tstn 3 ,d .) 9




———— e e

Proceedings of the elghteéth

NORTH AMERICA N
THERMAL ANALY SIS
SOCIETY CONFERENCE

VOLUME 11

September 24-27, 1939
San Diego, California




Paper # 149

The Effect of Annealing on the Thermal and lynamic

Mechanical Properties of TMXDI based Polyur~thanes

G. M, Stack

Naval Research Laboratory

Underwater Sound Reference Detac ment
P.0. Box 568337

orlando, FL 328568337

A series of polyurethane model compounds based on the meta
and para isomers of tetramethyl xylene cdiisocyanate have
been prepared. These urethanes contained soft segments
based on polycaprolactone. The urethan~s obtained from the
para isomer contained crystalline hard scgments as revealed
by the presence of an endothermic peak in Differential
Scanning Calorimetry (DSC) experiments. A series of high
temperature annealing studies were pericormed to determine
the effect of thermal treatment on the melting behavior of .
these crystalline polyurethanes. It was found that
annealing these urethanes at tempergturus from 100 to 160°C
resulted in an increase of up to 40°C in the position of the
DSC endothermic peak. Subsequent low t=emperature DSC
experiments indicated that the ~u..ealing caused a small
change in the urethane's soft scyment glass tramsition
temperature. This result indicates that a change in the
extent of phase separation may have occurred. Dynamic
mechanical measurements were made on these annealed
urethanes by means of a resonance method developed at our
~iaboratory, These expériments indicate that high
temperature annealing also affects the dynamic mechanical
behavior of the polyurethane.
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The Effect of Annealing on the Thermal and Dynamic

Mechanical Properties of TM:DI Based Polyurethanes

G. M. stack

Naval Research Laboratory

Underwater Sound Reference Detachment
P.0. Box 568337

Orlando, FL 32856-g377

INTRODUCTION

Polyurethapes are promizing candidates for a variety of
underwater acoustic applications where specific dynamic
mechanical properties are required. In order to design
polyurethanes with specific acoustic properties it is
necessary to obtzin an understanding of the factors which
affect the dypamic mechanical properties of » polyurethane
elastomer. A series of polyurethane model compounds based on
the meta and para isomers of the aliphatic isocyanate,
tetramethyl xylene diisocyanate (TMXDI), have been prepared.

A systematic study of the effect of compositional parameters
on the dynanic Techanical properties of these urethanes has -
been performed.” In addition to changes in composition, the
properties of polyurethanes can also be significantly affected
by thermal treatmeni, This has been demonstrated in sgvarll
polyurethanes systems other than those based on TXDI.“™" .In
this paper, we report the results of a recent investigation .
where selected TMXDI polyurethanes were subjected to high ,.....
temperature annealing and their thermal and dynamic mechanical
properties were then determined. These experiments were ...
performed on the urethanes based on the para isomer of TMXDI.
The para based urethanes contained crystalline hard segments,
which were identified by the presence of an endothermic peak
in Differential Scanning Calorimetry (DSC) experiments.. .

RYPERIMENTAL

The polyurethane prepolyzers were obtained from American
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Cyanamid Company. These prepolymer:; were synthesized by
reacting an excess of.diisocyanate with the polyol as
described previously.” Prepolymers were made with differing
amounts of excess isocyanate in ordsr to obtain polyurethanes
with varying hard segment contents. Polycaprolactone with a
molecular weight of approximately 2000g/mole was used as the
polyol. These prepolymers were curcd into polyurethane
elastomers using 1,4 butanediol and a swall amount (0.01%-
0.04%) of the metal catalyst, ferric acetglacetonate. The
prepolymer and curative were heated to 70°C, degassed, mixed
thoroughly, and poured into a prehcated mold. The
polyurethane was allowed to cure at 70°C for 24 hours,
demolded, and postcured at ambient conditions for at least two
weeks. Calorimetric measurements were made using a Perkin
Elper Differential Scanning Calorimeter, DSC4. The
polyurethane melting endotherms were measured from 50 to 250°¢C
using a heating rate of 20°C/min arnd sample masses in the
range of 10 mg. Additional low tezperature scans from -100 to
0°C were made using liquid nitrogen as a coolant. Annealings
were performed directly in the DSC by heating at 10°C/min to a
selected temperature and maintaining the sample at this
temperature for a specific length of time. Larger samples
suitable for dynamic mechanical an:lysis were annealed under
vacuum in an oven which was preset to the selected
temperature. Dynamic mechanical properties were mgasured by
means of a resonance method developed at NRL-USRD.™ The
sample is harmcnically excited using discrete frequency
excitation. By solving the equations of motion, the Young's
modulus and loss tangent of the sample are obtained. The
dynamic moduli are extrapolated te higher7£requencies using a
time-temperature superposition principle.

BESULTS AND DISCUSSION

High temperature DSC scans revealed the presence of a
broad endothermic peak in the para TMXDI based polyurethanes.
The peak melting point and enthalpy of fusion were found to
increase with increasing hard segment content, and the results
are summarized in Table 1. The melting point and enthalpy of
fusion of the 30% hard segment content polyurethane were
further increased by dissolution into methylene chloride and
recrystallization. Samples were znnealed at selected
temperatures for at least 18 hours. The effect of these
thermal treatments on the position of the peak melting point
was determined by subsequent heating of the annealed samples
in the DSC. The results obtained for the urethane with 30%
hard segment content is shown in Figure 1, Annealing at
temperaturas in the range f{rom 10C to 160°C caused an increase
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of over 40°C in the position of the endotherzuic peak. These
thermal treatments were also found to affect the enthalpy of
fusion of this endothermic peak. The resultant enthalpies of
fusion for the polyurethane recrystallized from methylene
chloride are plotted as a function of annealing temperature in
Figure 2. The enthalpy of fusion is increased by increasing
the annealing temperature. But at annealing temperatures
higher than 140°C there was a significant decrease in the
enthalpy. This decrease in enthalpy at the higher annealing
temperatures is also observed in the other polyurethanes
studied.

A low-temperature glass transition was observed in these
urethanes, which may be attributed to the glass transition of
the polycaprolactone soft segment. The effect of high
temperature annealing on the position of this glass transition
was also determined. It was found that a slizht increase in
the glass transition temperature occurred after these thermal
treatments. An example of this effect is shown in Figure 3
for the polyurethane with 30% hard segment content. For this
sample, the glass transition temperature increased steadily as
a function of annealing temperature. The highest annealing
temperature of 160°C caused an increase of over 3°C in the
position of this glass transition temperature. An increase in
the soft segment glass transition temperaturc of a
polyurethane normally indicates that there is an increased
anount of mixing between the hard and soft sc¢gment phases of
the polyurethane.

These DSC results can be interpreted by considering that
the annealings cause an increase in the crystallite size of
the hard segments. This increase would be consistent with the
observed increase in the temperature of the endothermic peak.
It is likely that the smaller hard segments could not be
accommodated in these larger hard segment crystallites and
would dissolve into Lhe soft segment. This analysis would
explain the decrcased cnthalpy of fusion and increased soft
segment glass transition temperature caused by the higher
temperature annealings.

Dynamic mechanical measurements were made over a wide
frequency range on sope of the annealed polyu:rethanes by weans
of 2 resonance method”. The dynamic Young’s zodulus of the
polyurethane with 20% hard segment content is shown in Figure
4 both before and after high temperature annealing. It is
clear that the annealing at the lower temperature of 110°C has
little effect on the modulus of thig urethanc. However, the
higher annealing temperature of 145°C is seecn to caust a
significant increase in the modulus of this urethane. The
loss tangents for these samples are shown as = function of
frequency in Figure 5. The increase in the loss tangent at
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high frequencies in the unannealed sample is due to the onset
of the glass transition of the polycaprolactone soft segment.
In the annealed samples there is less increase of the loss
tangent as a function of frequency and the value of the loss
tangent at low frequencies is incressed. These observations
suggest that the snft segment glass transition has been
broadened and shifted to higher tempsratures by the
annealings. This conclusion is consistent with the model of
increased phase mixing in the annealed polyurethanes, which
was deduced from the analyis of the DSC results.

CONCLUSIONS

High temperature annealing is found to raise the hard
segment melting point and appears tc increase the extent of
phase mixing between the hard and soft segments. These
changes cause an increase in the urethane’s modulus and a
broadening of its lpss tangent peak.
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Table 1. The thermal properties of p-TMXDI based
polyurethanes. '

HARD SEGMENT  METHOD OF ENDOTHERNIC ~ ENTHALPY OF
CONTENT (%)  PREPARATION PEAK (°C) FUSION (cal/g)
23 AS CURED 132.3 1.65

20 AS CURED 145.1 2.7

30 AS CURED 150.8 2.3

30 RECRYSTALLIZED 174.8 3.3

FROM 082012

806



1
4
~
A
»
-
»
S 1o}
-
§ A
2 s
teo. |
3 s
+ a
+ A3 CURED
Vea, s s ek dpam
0§ 100, 120, 145, 180, ie0,

ANCALTNG TDPTRATURE (*C)

Figure.l. Plot of the eadothernic peali temperature as a function
of annealing temperature for a »-TMXDI based polyurethane.

IR}
3 4,00} A
K
Ad
M
L ssof
-t
: . 8
x
-

3,00}

[
2_;0’ ouon(n.pl
1087 125, Ta8T 73" Ta0,

ANEALTG TDPERATURE (OC)

Figure 2, Plot of the enthalpy of fusion as a function of
annealing temperature for a p-T-¥DI polyurethane.

-£3.0

~
O
-
-
!} &
~ -E3.00
5 o b0
= s
3
S
"
z
H
-

i " 0ol
«
Et +
3

. 58 ol ¢ UNANNEAL LD

- . i . i A, .
0.l 106, 120 143, 183, T80,

ACALISG TENPTRATIRE (%)

Eiqure 3. Plot of the soft segment glass transition temperature
$ a function of annealing temperature for a p-TMXDI urethane.

807



— 4
./
L -y
./
-/
,/ -
.
S
o -~
% Anealed 20 e, 145007
1] b e
- e
: -
« r/'
- . - . -
S . —~
- / -~ "
Annesled 2¢ hr.  110°C =
/
- -
— Unannealed
—
ID. e " e " Aadrbad, Al Adad A
w?o 1w} 10 ? 10? ' 0 w?

Ratend Froquensy M)

Figure 4. Plot of the dynamic Young's modulus as a function of
frequency for a polyurethane after the indiccted thermal
treatments measured at 59C.

r—rrren Y T TP —— Ty Y Ty

24 . 1es'C

Ten Colte

~
24 he. 110%C Unannealed

bbb kA b b b A AR, Ad PN PUTTrEN

e W RO W S VR
w? 10! 102 1 R4 104 o3 0*
Raduand Froqueney M)

Figure 5. Plot of the loss tangent as a function of frequency
for a polyurethane after the indicated thermal treatments
measured at 5°C.

808



